The purpose of this research was to explore the changes in children's bicycle helmet use and motor vehicle bicycle related injuries in Hillsborough County, Florida before and after passage of the Florida's bicycle helmet law for children under the age of 16. The results show a significant increase in bicycle helmet use among children, ages 5-13, in the post-law years compared with the pre-law years. Also, there has been a significant decline in the rates of bicycle related motor vehicle injuries among children in the post-law years compared with the pre-law years. Although there have been complementary educational and outreach activities in the county to support helmet use, it appears that the greatest increase in use occurred after the passage of the helmet law. It is recommended that educational efforts continue to sustain helmet use rates and decreases in injuries. R esearch has shown that bicycle helmets effectively prevent head and brain injuries and related deaths. A recent meta-analytic report on helmets showed a summary odds ratio efficacy of 0.40, 0.42, 0.53, and 0.27 for head, brain, facial, and fatal injuries, respectively. 1 Legislation may be important in increasing bicycle helmet use.
R esearch has shown that bicycle helmets effectively prevent head and brain injuries and related deaths. A recent meta-analytic report on helmets showed a summary odds ratio efficacy of 0.40, 0.42, 0.53, and 0.27 for head, brain, facial, and fatal injuries, respectively. 1 Legislation may be important in increasing bicycle helmet use. 2 3 The increase in average probability of helmet wearing in mandated helmet states was 18.4%, 4 and in 2002, 20 states had such laws, all applying to individuals under age 18. 5 In 1997 a Florida law adopted in 65 of 67 counties required that riders under 16 wear a helmet. A 1999 Florida study showed that children riding bicycles where the law was in effect were twice as likely to wear helmets as those in non-participating counties. 6 The relationship between the Florida legislation and bicycle related injuries is unknown.
METHODS
Since 1993, observations of helmet use in children 5-13 have been conducted in Hillsborough County, Florida (population 998 948). This age group includes those most likely to experience bicycle related injuries. 7 Observation protocols followed guidelines established by the Harborview Injury Prevention and Research Center. 8 Key issues were 9 :
(1) Observers always obtained study approval through the county sheriff's office.
(2) Youth showing obvious signs of puberty were excluded from the study.
(3) Children's bicycles could not be equipped with training wheels and the helmet must have been observed on the head or being removed from the head.
(4) Observation times (non-school settings) were limited to <20 minutes at any one site to avoid duplicate counts. At schools, observers were positioned at bike racks during the observation period.
(5) All observers were trained for one or more days. Inter-rater reliability consistently exceeded 90%.
County census tracts (n=167) were divided into two ordinal lists stratified by income and the population of children, ages 0-14. 9 Each of these lists was divided into deciles of approximately 17 tracts each. Three tracts were selected randomly from each decile-a total of 60 tracts with at least two observations sites chosen from each. Approximately 120 observation sites were used-schools, playground areas, parks, bike paths, and intersections. Observations occurred 2-3 times per week, February through May and included helmet use, gender, race/ethnicity, and helmet use of companions. Approximately 400 children were observed each year.
Age specific rates of bicycle related injuries or deaths involving a motor vehicle in the pre-law and post-law years were obtained from the Florida Department of Transportation and other state agencies. These data were used because collisions with motor vehicles account for the most serious bicycle injuries and more deaths 10 and lack of consistent E coding of hospital discharge and emergency department data. Police complete crash reports at the site and evaluate the victim as sustaining no injury, possible injury, non-incapacitating injury, incapacitating injury, and a fatality. Helmet use also is recorded. Descriptive statistics, cross tabulations, χ 2 analyses, and trend analyses with model fitting were used to analyze the helmet use and injury data and to determine statistical significance. To determine the internal validity of our findings, state data were used to compare injuries before and after law enactment. These data were appropriate for comparison purposes since both sources use the same motor vehicle crash data for injury status determination. Such similarity does not occur with state hospital discharge data or national data that use emergency room reports. This study was approved by the University of South Florida Institutional Review Board.
RESULTS
Helmet use data are shown in table 1 and bicycle related injuries and rates in the pre-law and post-law years are shown in table 2. Although the helmet law only applies to children under 16, the data provided by the state are grouped into ages 0-4, 5-9, and 10-14. Most observations were of children in these age ranges since we excluded physically mature youth.
Helmet use was greater among children in the highest income tracts, white, and who rode with helmeted companions (p<0.05). Helmet use significantly increased from 3.6% in 1993 to 67.0% in 1998 (odds ratio (OR) 55.2; 95% confidence interval (CI) 36.1 to 84.5). The odds of children wearing a helmet in 1997, the year the law went into effect, were eight times greater than in the preceding year (OR 8.3; 95% CI 6.1 to 11.4). Although there were declines in 1999 (p=0.001) and in 2000 (table 1), measurement error cannot be ruled out. 11 A clear increase is seen in helmet use post-legislation compared with pre-legislation, from an average of 7.7% during the pre-law years (1993-96) to 57.5% during the post-law years (1997) (1998) (1999) (2000) . Trend tests reveal that this increase (p<0.0001) exceeds secular expectations indicated by the 1993-96 growth. A logistic model with distinct intercept and slope for the two periods was fit to the data. Quasilikelihood methods for model fitting to control for temporal clustering effects were used. 12 The fitted model was used to test the impact of the helmet law with respect to the change in trend in helmet use in 1997-2000 compared with that in 1993-96. In particular, the increase of helmet use in 1997 beyond what is projected from the 1993-96 growth is attributable to the helmet law. The log odds ratio for this excess increase was 1.9147, with a 95% CI of 1.1 to 2.7. This illustrates the significance of the law. Hillsborough County crash data also showed an average of 28% of children with no recorded injures wore helmets, whereas an average of 8% with recorded injuries wore helmets.
The data in table 2 also show a corresponding decline in rates of motor vehicle related bicycle injuries. The average rate of injuries was approximately 1.5 times greater during the pre-law years (1993-96) than in the post-law years (1997-2000) (69.65 v 45.43, respectively). Various trend tests revealed a statistically significant decrease of the injury incidence over the period of 1993-2000 (p<0.018). 13 The decline was slightly more significant (p<0.014) when comparing the incidences in the two periods before (1993-96) and after law enactment (1997-2000). Data were adjusted for possible clustering effects. Test statistics based on quasilikelihood gave a p value of less than 0.00001, illustrating a highly significant reduction in the reported injury rate over and above any natural decline in rates. 12 To illustrate the association of the law and injury rate, we also fit a logistic model to the injury data. The model represents a decreasing trend, with a parallel shift downwards that occurred in the 1997-2000 post-law period. This shift is represented by the change of intercept from that for 1993-96 to that for 1997-2000. The log odds ratio was −0.6734 with the 95% CI of −1.3 to −0.02.
Data from 1996-2000 permitted review of patterns of reported possible injury, non-incapacitating injury, incapacitating injury, and fatalities and helmet use. Results were consistent throughout the years showing that the overall mean number of non-fatal injuries reported was greatest for the non-incapacitating category (57.6%), followed by an approximate mean of 21% for other non-fatal categories. Reported helmet use was on average only slightly higher for the non-incapacitating category (9.8%) than the other two categories (about 6%). Only seven deaths were reported from 1996-2000 and helmet use for the victims was reported to be 40%. However, due to the small numbers of deaths over the years, inferences about the role of helmets are limited.
In terms of state data, for 0-14 year olds, the average motor vehicle bicycle related injury rate declined from 73.3 in the pre-law years (1993-96) to 41.8 in the post-law years (1997) (1998) (1999) (2000) , reflecting findings in Hillsborough County. The average state injury rate for individuals 15 years and older only declined from 42.3 during the pre-law years to 31.3 during the post-law years, showing greater efficacy for the 0-14 year olds, the primary target group.
DISCUSSION
The helmet law may have contributed to the increase in helmet use among children in Hillsborough County and there has been a simultaneous decrease in bicycle rider injuries from motor vehicle crashes in this county and statewide. However, the county has used complimentary strategies to increase helmet use such as school programs, bicycle safety rodeos, and helmet giveaways to lower income children and these efforts may also impact the decline. Data still show that the greatest change in helmet use occurred after passage of the law. No decline in children riding bicycles was seen in our yearly observations, and no seasonal effect with helmet use or crash data was found.
Study limitations
Although some riders observed may be tourists or other nonyear round residents, the primary reliance on observations in school settings minimizes this concern. The legislation applied to children under age 16, but injury data are limited to those age 0-14. The rate reflects only injuries sustained from reported involvement with a motor vehicle, whereas more bicycle injuries occur in non-traffic settings. Most non-fatal 
Key points
• Trend tests utilizing logistic models showed that observed bicycle helmet use of children, ages 5-13 in Hillsborough County, Florida has significantly increased since passage of Florida's bicycle helmet law for children under the age of 16.
• Trend tests also show that there has been a significant decline in motor vehicle bicycle rider injuries in children during the post-law (1997-2000) years compared with the pre-law years (1993-96).
• There has not been an observed decrease in the number of children riding bicycles in our yearly observations nor a seasonal nor tourist effect.
• Helmet use was shown to be lower in child bicyclists in motor vehicle crashes who were injured than in those children not injured.
• We believe measures should be acted upon now to sustain increases in children's bicycle helmet use.
bicycle injuries are due to falls, which often are unreported 14 and can possibly lead to traumatic brain injury. In addition, use of Department of Transportation data may yield subjective results since the determination of the injury category, crash characteristics, and helmet usage is made by the officer at the crash scene. Police receive various levels of training and therefore interpretations may differ. Although police reporting bias may exist, this does not appear to be the case with helmet use and injury severity since nearly the same percentage of helmet use was reported for the least severe injury category (possible) as the most severe (incapacitating). Finally, injuries due to motor vehicle crashes are reported for all categories, not just head and neck. However, helmet use was lower in children injured than those not injured. We believe measures should be taken now to sustain increases in bicycle helmet use and to reinforce helmet wearing as a normative behavior.
